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a b s t r a c t 

In the current study, five isatin hydrazone schiff base linked acetylinic scaffolds have been synthesized 

via condensation reaction of isatin hydrazone with aldehydic groups. In order to identify the structure 

characteristics of the prepared hydrazone derivatives, IR, 1 H and 13 C NMR spectroscopy, elemental analy- 

sis and X- ray crystallography were carried out. The antibacterial and antifungal activity of the derivatives 

against six bacterial strains (S. aureus, S. Pyogenes , E.coli, V. cholera, L. monocytogens and H.influenza) and 

seven fungal strains ( C. glabrata,C. parapsilosis, C. krusei, C. albicans, C. tropicalis, C. keyfer, and C. neofor- 

mans ) have been evaluated. All the compounds showed potent antibacterial activity with IC 50 ≈ 7.81 μM 

against H. influenza while the activity against fungal strains was less. Compounds a and c also had IC 50 

≈ 7.81 μM against S. Pyogens. Furthermore, the results of total antioxidant activity of hydrazone deriva- 

tives, expressed in terms of the ascorbic acid (mM) equivalents per mg of sample, indicates their supe- 

rior bioactivity. These studies suggested that the istain hydrazone functionalized acetylenic derivatives 

could be an ideal biomaterial for antibacterial, antifungal and antioxidant applications. Besides this, these 

derivatives were transformed into isatin hydrazone appended 1,2,3 triazole based organotriethoxysilanes 

and their reaction conditions were optimised 

© 2021 Elsevier B.V. All rights reserved. 
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. Introduction 

The hydrazone scaffold is omnipresent in variety of fields start- 

ng from organic synthesis [1] and therapeutic chemistry [2] mov- 

ng to supramolecular chemistry [3] , dynamic combinatorial chem- 

stry [4] , hole-transporting materials [5] , dye [6] , metal-covalent 

rganic frameworks [7] , and among many other applications [8] . 

he use of hydrazones is very prominent and the reason being un- 

omplicated synthesis, compatibility, and ability to resist the hy- 

rolysis. But the ground reality is uniqueness of azomethine group 

hat aids its exploitation in numerous fields. An agile evaluation 

f the structure of a hydrazine discloses that it has (a) an imine 
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arbon possessing both nucleophilic and electrophilic nature, (b) 

ucleophilic amino and imine kind of more reactive nitrogens, and 

c) configurational isomerism curtails from the intrinsic nature of 

he C = N double bond. 

These structural arrangements of atoms provide exclusive phys- 

cal and chemical properties to hydrazones. Synthesis of hydra- 

ones proceeds via three simple routes ( Scheme 1 ), (i) condensa- 

ion reaction between aldehydes or ketones and hydrazines [ 9 , 10 ] 

ii) amalgamation between acids or β-keto esters and aryl diazo- 

ium salts that commonly referred as Japp–Klingemann reaction, 

11] (iii) reaction between non-substituted hydrazones and aryl 

alides. [ 12 , 13 ]. Much attention has been given by the researchers

n outlining the synthesis of novel hydrazones owing to the ease of 

ynthetic procedure and structural flexibility. The resultant hydra- 

ones are generally crystalline in nature and gets separated from 

he reaction mixture, which further ease their purification pro- 

ess and reinforce the exploitation of these entities. The hydra- 

ones found to possess applications in numerous fields of chem- 

https://doi.org/10.1016/j.jorganchem.2021.122051
http://www.ScienceDirect.com
http://www.elsevier.com/locate/jorganchem
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jorganchem.2021.122051&domain=pdf
mailto:gjpsingh@pu.ac.in
mailto:aesteban@um.es
https://doi.org/10.1016/j.jorganchem.2021.122051
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Scheme 1. The synthesis of hydrazones via (a) hydrazine–ketone/aldehyde condensation; (b) the Japp–Klingemann reaction; and (c) aryl halide substitution. 

Fig. 1. Some of isatin derivatives containing bioactive molecules. 
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stry from synthetic chemistry [14] like preparation of compounds 

o analytical chemistry like detection of a large number of metal 

ations and the separation of carbonyl compounds [15] . Although, 

he most important property of hydrazones is, perhaps, their great 

harmocophoric activity. In fact the physiological activity can be 

nhanced by coupling with other biological active moieties. Isatin 

1H-indole-2,3-dione) regarded as a advanced range of heterocyclic 

oieties with many flattering actions and superior acceptance in 

uman beings [ 16 , 17 ] was preferred as a biological active frame

or coupling. The isatin derivatives SU-11248 (sunitinib) and SU- 

416 (semaxanib) exhibits anti-angiogenic and tyrosine kinase in- 

ibitory properties [18] . Schiff bases of isatins are described in lit- 

rature and disclose broad range of antipathogenic properties, like 

ntiviral [19] , anti-mycobacterial [20] , antitubercular [21] , and an- 

ifungal [22] . 

However the upsurge in the activity against various pathogens 

rovoked investigation of the structure activity relationships of 1H- 

ndole-2,3-dionederivatives like 5-halogenation, N-Mannich base 

23] , N-alkylation [24] , and 3-thiosemicarbazone. There are many 

rugs available in the market that posses 1H-indole-2,3-dione as 

n active scaffold. Two such examples are indirubin ( Fig. 1 B) and 

ethisazone ( Fig. 1 C) [25-28] . 

Furthermore, the chemistry of 1,2,3-triazoles has established 

ubstantial interest due to their biological and synthetic signif- 

cance [29] . Over the past few decades triazole loop is an im- 
2 
ending biological unit that has been drastically endorsed [30] . Al- 

hough 1,2,3-triazole moiety exist in nature, but there are many 

nstances found in literature which depicts multifarious pharma- 

ophoric properties linked to this scaffold, such as anti-HIV activ- 

ty [31] , antipathogenic activity [32] , β-3-selective adrenergic ago- 

ism [33] , kinase inhibitory [34] and other enzyme inhibitory ac- 

ivities [35] . However, one of the most important approach to de- 

ign more active and new chemical species is molecular hybridiza- 

ion. This basically includes combination of two or more pharma- 

ophoric unit into a single unit to enhance their activites [36] . So 

his approach was opted for the building of new pharmacophoric 

nit. 

In fact, antioxidants play a major role in the mechanism to de- 

end body by controlling the production and removal of the reac- 

ive oxygen species (ROS). The controlled mechanism includes re- 

oval of toxins of excess ROS, if not done then the high concen- 

rations of free radicals can damage proteins, carbohydrates, lipids 

nd normal cell structures and also destroys the nitrogen bases 

f nucleic acids which lead to certain transformations [37] . It also 

auses aging, cancer, neurodegenerative muddles such as Parkin- 

on’s and Alzheimer’s diseases [ 38 , 39 ]. 

During the past two decades the world population is suffering 

rutally with the infectious diseases and among them, pathogenic 

nfections are the second most leading death triggering diseases 

fter heart attack in the world, due to their quick spreading 

ate, noxious nature and their ability to fight against the present 

ntibiotic drugs. Considering this perspective, the preparation of 

athogenic target based new antipathogenic agents has gained 

onsiderable attention in the drug discovery. This research is with 

n anticipation to find some new and more potent antimicro- 

ial and antioxidant agents which competitively impedes side ef- 

ects and enhanced effectiveness to heal pathogenic infections. The 

ioactivity results suggest the potential of these isatin hydrazone 

chiff base linked acetylinic scaffolds to be used as antimicrobial 

nd antioxidant agents. 

. Experimental 

.1. Materials and methods 

Chemicals such as substituted benzaldehydes (Avera), Propargyl 

romide (Aldrich), Isatin (Loba Chemie), hydrazine hydrate (spec- 

rochem), Bromotris(triphenylphosphine)copper(I) [CuBr(PPh 3 ) 3 ] 

Aldrich), and potassium carbonate (Avera), were used as received. 

olvents were dried and purified before use as per the conven- 

ional methods. 
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Fig. 2. Design approach of acteylenic isatin hydrazone Schiff base derivatives. 
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.2. Instrument detail 

The NMR spectra ( 1 H and 

13 C) were collected on a BRUKER 

400 MHz) and JEOL (AL 300 MHz) spectrometer using CDCl 3 and 

MSO-d 6 /CDCl 3 solution as internal reference and chemical shifts 

ere documented with respect to TMS. J values are reported in Hz. 

nfrared spectrum was obtained as Neat on a Thermo Scientific Fis- 

her spectrometer. The synthesis was carried out on a Anton Paar 

icrowave PRO reaction system. Melting points were observed in 

 Mel Temp II device using sealed capillaries and are given as it 

s. Mass spectral measurements (ESI source with capillary voltage, 

500 V) were done on a VG Analytical (70-S) spectrometer. CHN 

xamination was acquired on Perkin Elmer Model 2400 CHNS ele- 

ental analyzer. 

. Part 1 Synthetic route of acteylenic isatin hydrazone 

erivatives with various aromatic aldehydes 

.1. Strategy for design of library of acetylenic isatin hydrazones 

 Fig. 2 ) 

.2. General synthetic route for isatin hydrazones 

First, isatin was made to react with hydrazine hydrate without 

ny solvent. The molar ratio was kept 1:10. 1.0 equiv of isatin was 

issolved in 10.0 equiv of hydrazine hydrate. This mixture was re- 

uxed for 4 h and then filtered to get isatins hydrazones (IH). This 

ixture was irradiated with microwaves for 5 mins to obtained IH. 

icrowave synthesis outshines the tedious conventional synthesis. 

.3. General synthetic route for isatin hydrazone Schiff bases (IHSB) 

ramework 

Isatin hydrazone Schiff base compounds were synthesized vi- 

single pot reaction between synthesized IH with appropriate 

romatic aldehydes following microwave as well as conventional 

ethods ( Scheme 2 ). Initially, isatin was made to react with var- 

edly substituted aromatic aldehydes in ethanol. The mixture was 

eated till refluxing for 1.5 h and then filtered to get isatins hydra- 

one linked Schiff base (IHSB). Microwave method required time 

f 2-3 mins to obtained IHSB. The reaction showed selectivity and 

ensitivity towards the formation of desired products. 

.4. General synthetic route for acetylenic isatin hydrazone Schiff

ases framework 

A sample of IHSB (1 equiv) was mixed in 15ml of DMF, and 

ehydrated K 2 CO 3 (1.5 equiv) was added to this solution. After 

he stirring for 30 min the reaction mixture was brought to 0 °C. 

o above mixture propargyl bromide (1.3 equiv) was sequentially 
3 
dded drop by drop. The reaction mixture was allowed to stir for 

6 h at room temperature. The residue thus obtained was extracted 

ithice cold water (50 ml) leading to the precipitates of acetylinic 

satin hydrazone. Clear one spot for the product on TLC indicated 

he completion of reaction. The solid was dried to give a orange 

eddish products. 

.4.1. Synthesis of (3Z)-3-(benzylidenehydrazono)-1- 

prop-2-yn-1-yl)indolin-2-one (a) 

Red powder, Yield: 92%, M.P.: 64-66 °C. Anal. Calcd. for: 

 18 H 13 N 3 O: C, 75.25; H, 4.56; N, 14.63. Found: C, 75.21; H, 4.59; N,

4.65. IR (neat, cm 

−1 ): 1169 (N-CH 2 ),1613 (C = N), 1710 (C = O), 2121

C 

≡C), 3276 (C 

≡C-H). 1 H NMR (400 MHz, CDCl 3 ) δ 8.66 (s, 1H, -

 = CH-), 8.21 (d, J = 7.6 Hz, 1H, H4), 8.04 – 7.87 (m, 2H, H5, H9),

.52 (dt, J = 15.5, 6.7 Hz, 4H, H1, H3, H6, H7), 7.31 – 7.05 (m, 2H,

2, H8), 4.63 (d, J = 2.6 Hz, 2H, -N-CH 2 ), 2.30 (t, J = 2.6 Hz, 1H,

C 

≡CH). 13 C NMR (101 MHz, CDCl 3 ) δ 163.5 (s), 162.6 (s), 150.6 (s), 

44.3 (s), 133.6 (s), 133.3 (s), 132.3 (s), 129.7 (s), 129.2 (s), 129.1 

s), 123.5 (s), 116.8 (s), 109.8 (s), 76.5 (s), 72.7 (s), 29.3 (s). 

.4.2. Synthesis of (3Z)-3-((4-methoxybenzylidene)hydrazono)-1- 

prop-2-yn-1-yl)indolin-2-one (b) 

Orange powder, Yield: 93%, M.P.: 70-72 °C. Anal. Calcd. for: 

 19 H 15 N 3 O 2 : C, 71.91; H, 4.76; N, 13.24. Found: C, 71.90; H, 4.79;

, 13.25. IR (neat, cm 

−1 ): 1178(N-CH 2 ), 1630 (C = N), 1714 (C = O),

125 (C 

≡C), 3280 (C 

≡C-H). 1 H NMR (400 MHz, CDCl 3 ) δ 9.91 (s,

H, -N = CH-), 8.70 (s, 1H, H5), 7.98 (d, J = 7.5 Hz, 2H, H1, H2),

.58 – 6.88 (m, 5H, H3, H4, H6, H7, H8), 4.62 (d, J = 2.3 Hz, 2H,

N-CH 2 ), 3.92 (s, 3H, -OCH 3 ), 2.29 (t, J = 11.9 Hz, 1H, -C 

≡CH). 13 C

MR (101 MHz, CDCl 3 ) δ 190.9 (s), 164.1 (s), 163.2 (s), 150.6 (s), 

44.1 (s), 134.1 (s), 133.0 (s), 132.0 (s), 131.4 (s), 129.6 (s), 127.9 (s), 

26.5 (s), 123.9 (s), 123.5 (s), 114.6 (s), 114.3 (s), 109.9 (s), 109.6 (s), 

09.2 (s), 76.6 (s), 72.7 (s), 55.6 (s), 29.3 (s). 

.4.3. Synthesis of (3Z)-3-((2,4-dimethoxybenzylidene)hydrazono)-1- 

prop-2-yn-1-yl)indolin-2-one (c) 

Mustard powder, Yield: 84%, M.P.: 90-92 °C. Anal. Calcd. for: 

 20 H 17 N 3 O 3 : C, 69.15; H, 4.93; N, 12.10. Found: C, 69.15; H, 4.93; N,

2.10. IR (neat, cm 

−1 ): 1185(N-CH 2 ), 1645 (C = N), 1719 (C = O), 2123

C 

≡C), 3277 (C 

≡C-H). 1 H NMR (400 MHz, CDCl 3 ) δ 9.15 (s, 1H, -

 = CH-), 8.34 (d, J = 7.5 Hz, 1H, H5), 8.17 (d, J = 8.7 Hz, 2H, H1,

4), 7.44 (t, J = 8.3 Hz, 1H, H2), 7.20 – 7.00 (m, 1H, H3), 6.66 (d,

 = 8.7 Hz, 1H, H6), 6.49 (d, J = 2.2 Hz, 1H, H7), 4.62 (d, J = 2.4 Hz,

H, -N-CH 2 ), 3.90 (s, 6H, -OCH 3 ), 2.28 (t, J = 2.4 Hz, 1H, -C 

≡CH).
3 C NMR (101 MHz, CDCl 3 ) δ 164.9 (s), 163.9 (s), 161.7 (s), 161.3 (s), 

50.2 (s), 143.9 (s), 132.7 (s), 129.8 (s), 129.5 (s), 123.3 (s), 117.2 (s), 

15.6 (s), 109.5 (s), 106.4 (s), 98.1(s), 76.7 (s), 72.5 (s), 55.7 (s), 29.3 

s). 
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Scheme 2. Synthesis of acetylenic isatin linked hydrazones by microwave heating methods. 

3

1

C  

1  

(  

N  

H  

(  

N

1

1

7

3

y

f  

3  

(

8  

3  

4  

1

1

(

3

w

o

r

λ
a

F

.4.4. Synthesis of (3Z)-3-((furan-2-ylmethylene)hydrazono)- 

-(prop-2-yn-1-yl)indolin-2-one (d) 

Mustard solid, Yield: 89%, M.P.: 64-66 °C. Anal. Calcd. for: 

 16 H 11 N 3 O 2 : C, 69.31; H, 4.00; N, 15.15. Found: C, 69.33; H, 4.05; N,

5.19. IR (neat, cm 

−1 ): 1170(N-CH 2 ), 1680 (C = N), 1720(C = O), 2122

C 

≡C), 3286 (C 

≡C-H). 1 H NMR (400 MHz, CDCl 3 ) δ 8.58 (s, 1H, -

 = CH-), 7.75 – 7.40 (m, 2H, H1, H4), 7.13 (tt, J = 20.4, 10.1 Hz, 4H,

2, H3, H5, H7), 6.65 (d, J = 10.0 Hz, 1H, H6 J = 2.4 Hz, 2H), 4.6

d, J = 2.4 Hz, 2H, -N-CH 2 ), 2.29 (t, J = 2.4 Hz, 1H, -C 

≡CH). 13 C

MR (101 MHz, CDCl 3 ) δ 163.6 (s), 152.2 (s), 151.4 (s), 149.7 (s), 

48.1 (s), 147.2 (s), 144.1 (s), 133.3 (s), 130.1 (s), 127.9 (s), 123.6 (s), 

22.9 (s), 118.7 (s), 117.0 (s), 112.7 (s), 112.6 (s), 109.6 (s), 76.5 (s), 

2.7 (s), 29.3 (s). 

.4.5. Synthesis of (3Z)-1-(prop-2-yn-1-yl)-3-((thiophen-2- 

lmethylene)hydrazono)indolin-2-one (e) 

Dark red powered solid, Yield: 91%, M.P.: 74-76 °C. Anal. Calcd. 

or: C H N OS: C, 65.51; H, 3.78; N, 14.32. Found: C, 65.50; H,
16 11 3 

4 
.75; N, 14.39. IR (neat, cm 

−1 ): 1177(N-CH 2 ), 1631 (C = N), 1710

C = O), 2121 (C 

≡C), 3278 (C 

≡C-H). 1 H NMR (400 MHz, CDCl 3 ) δ
.92 (s, 1H, -N = CH-), 8.34 (d, J = 7.6 Hz, 1H, H1), 7.76 – 7.41 (m,

H, H2, H3, H4), 7.17 (ddd, J = 32.8, 16.9, 6.2 Hz, 3H, H5, H6, H7),

.61 (d, J = 2.4 Hz, 2H, -N-CH 2 ), 2.29 (t, J = 2.4 Hz, 1H, -C 

≡CH).
3 C NMR (101 MHz, CDCl 3 ) δ 163.7(s), 158.6 (s), 151.4 (s), 144.2 (s), 

39.0 (s), 134.4 (s), 133.2 (s), 132.4 (s), 130.0 (s), 128.4 (s), 123.6 

s), 117.0 (s), 109.6 (s), 77.2 (s), 72.7 (s), 29.3 (s). 

.5. X-Ray Crystallographic analyses 

The collection of the data was done on single crystals coated 

ith Paratone-N oil and mounted on Kapton loops. X-ray data 

f all compounds were collected on a Bruker Kappa Apex II X- 

ay diffractometer ousted with a Mo X-ray source (sealed tube, 

= 0.71073 Å) and an APEX II CCD detector equipped with 

n Oxford Cryosystems Desktop Cooler low temperature device. 

or data collection, cell refinement and reduction APEX-II soft- 
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Table 1 

Selected crystal data and details on structure determinations from single crystal 

data for compounds b and d . 

Compound B D 

Formula C 19 H 15 N 3 O 2 C 16 H 11 N 3 O 2 

MW [g ·mol −1 ] 317.34 277.28 

Crystal system Monoclinic Orthorhombic 

Space group P2 1 /n Pbca 

a [ ̊A] 13.9951(14) 11.7891(8) 

b [ ̊A] 4.5504(5) 14.2828(9) 

c [ ̊A] 25.160(3) 15.7846(9) 

α [deg] 90 90 

β [deg] 102.348(3) 90 

γ [deg] 90 90 

V [ ̊A 3 ] 1565.2(3) 2657.8(3) 

T [K] 170(2) 170(2) 

Z 4 8 

ρcalc [g ·cm 

−3 ] 1.347 1.386 

μ [mm 

−1 ] 0.090 0.095 

Min/max 

transmission 

0.992/0.999 0.985/0.995 

θmax [deg] 28.553 28.285 

Measured 

reflections 

44251 15691 

Unique reflections 3966 3294 

Reflections [F 0 > 

4 σ (F 0 )] 

1908 1597 

Parameter 218 190 

R int 0.1243 0.0953 

R 1 [F 0 > 4 σ (F 0 )] 0.0604 0.0542 

wR 2 [all data] 0.1563 0.1199 

GOF 1.001 0.968 

��max / ��min 

[e ·Å −3 ] 

CCDC number 

-0.209/0.182 

1554797 

-0.201/0.179 

1554796 
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Fig. 3. ORTEP plots of acetylinic isatin hydrazones b and d 
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are suite was used. [40] . Absorption corrections were applied 

sing SADABS [41] . Space group assignments were done by ex- 

mination of systematic absences, E -statistics, and successive re- 

nement of the structures. Using intrinsic phasing methods im- 

lemented with ShelXT [42] structure solutions were performed 

nd structure refinements were performed by least-squares refine- 

ents against | F| 2 followed by difference Fourier synthesis using 

helXL [43] , both softwares are part of the ShelX [44] program 

ackage. Anisotropic displacement parameters were used to refine 

ll non-hydrogen atoms. The C-H atoms were positioned with ide- 

lized geometry and were refined with fixed isotropic displace- 

ent parameters [ U eq (H) = -1.2 ·U eq (C)] using a riding model with

 C-H = 0.95 Å (aromatic) and 0.99 Å (methylene). CCDC- 1554797 

 b ) and 1554796 ( d ) contain the supplementary crystallographic 

ata. These data can be gathered free of charge from the Cam- 

ridge Crystallographic Data Centre via www.ccdc.cam.ac.uk. The 

etailed description of the crystallographic data and structure re- 

nement parameters for compounds b and d are summarize in 

able 1 . 

.6. Crystal data 

Single crystals were grown by slow evaporation of corre- 

ponding solutions in chloroform at room temperature for X- 

ay analysis confirmed the structural conformation of acetylinic 

satin hydrazones b and d which crystallize in monoclinic P 2 1 / n 

nd orthorhombic Pbca space groups respectively, with all the 

toms in the crystallographically independent general positions. 

he unit cell is composed of a = 13.9951(4) Å, b = 4.5504(5) Å,

 = 25.160(3) Å, β = 102.34(3) °, V = 1565.2(3) Å 

3 , ρcalc = 1.347

 ·cm 

−3 for b and a = 11.7891(8) Å, b = 14.2828(9) Å, 

 = 15.7846(9) Å, V = 2657.8(3) Å 

3 , ρcalc = 1.386 g ·cm 

−3 for d . OR-

EP plots showing the asymmetric units are shown in Fig. 3 along 

ith the atom labelling scheme. 
5 
.7. Biological assay 

.7.1. Cell Culture 

In order to investigate the microbial cells requiredwere ob- 

ained from Institute of Microbial Technology (MTCC-IMTECH) 

handigarh, Post-Graduate Institute of Medical Education and Re- 

earch (PGIMER), Chandigarh and National Collection of Pathogenic 

ungi (NCPF) . The bacterial cells ( Staphylococcus aureus MTCC3160, 

scherichia coli MTCC2961 , Vibrio cholera MTCC3906, Enterococcus 

aecalis MTCC 439, L. Monocytogens MTCC 839, and Hemophillus in- 

uenza MTCC 3826were cultured in MHB (Muller Hinton Broth, Hi- 

edia, India). The fungal cells Candida keyfer NPCPF 410 0 04, Can- 

ida glabrata MTCC3019, Candida krusei NCPF 44002, Candida albi- 

ans NCPF 40 0 034, Candida parapsilosis NCPF 450 0 02, Cryptococcus 

eoformans NCPF 250316 and Candida tropicalis NPCPF420 0 07 were 

ade to grow in yeast extract-peptone-dextrose, HiMedia, India 

nd Roswell Park Memorial Institute, HiMedia, Indiamedium. For 

gar plates, 2.5% (w/v) bacteriological agar (HiMedia, India) was 

dded to the medium. The microbial cells were kept with 15% glyc- 

rol at -80 °C as frozen stock and were freshly revitalized on re- 

pective agar plates from the stock before each experimentation. 

.7.2. In vitro Antibacterial activity 

All the bacterial cells ( S. aureus, L. monocytogen, V. cholera, E. 

aecalis, H. influenza , and E. coli, ) were developed by keeping for 

he whole night and were diluted in MHB media to a cell den- 

ity of 10 5 CFU/mL. The Bacterial cells (100 μL) and compounds 

250 - 0.112 μM) were made to dissolved in DMSO, and added 

nto the 96-well flat bottomed microtiter plate (HiMedia, India). 

he plate was hatched at 37 °C for 24 hwithout shaking. visual 

nd optical density was measured using a microtiter plate reader 

BioRed, Model 680) at 600 nm. Kanamycin, a well-known antibac- 

erial drug is used as a reference drug for the positive control. The 

inimum inhibitory concentrations (MICs) was defined as the low- 

st concentration of an antimicrobial that will inhibit the visible 

rowth of a microorganism after overnight incubation. 
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Table 2 

Antibacterial activity of the synthesized compounds. 

Compounds Antibacterial Activity 

E. coli S. aureus S. pyogens V. cholera H. influenza L. monocytogens 

A > 250 > 250 7.81 > 250 7.81 > 250 

B > 250 > 250 15.62 > 250 7.81 > 250 

C > 250 > 250 7.81 > 250 7.81 > 250 

D > 250 > 250 125 > 250 7.81 > 250 

E > 250 > 250 31.25 > 250 7.81 > 250 

Kanamycin 3.90 31.25 31.25 62.50 62.50 125 
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It has been described in literature that macrocyclic compounds 

re potential candidates for suppressing microbial action so the 

avorable binding ability of the existing compounds stimulated 

s to examine the pharmacological action through antibacterial 

est. So the synthesized acetylenic isatin hydrazone derivatives a-e 

nd kanamycin used as standard drug were investigated for their 

n vitro antibacterial assay for six bacterial strains Staphylococ- 

us aureus (S. aureus), Streptococcus pyogenes ( S. Pyogenes ), Vib- 

io cholerae ( V. cholera ), Haemophilus influenzae ( H.influenza ), Es- 

herichia coli (E.coli), and Listeria monocytogenes ( L. monocytogens) . 

The MIC of all assessed compounds are elaborated in Table 2 . 

ll the compounds investigated exhibits moderate to very good an- 

ibacterial efficiency. Particularly, compounds a, b, c depicted re- 

arkable antibacterial efficiency to H.influenza and S. Pyogenes. 

It is very exciting that the synthesized compounds have bet- 

er antibacterial properties than the standard existing drug which 

an be attributed to the presence of different donor atoms such 

s nitrogen and oxygen in the molecules. Out of five synthesized 

ompounds, a was found to inhibit the growth of bacterial strains 

trongly. Further, an increase in activity was observed on incor- 

oration of methoxy group to unsubstituted isatin hydrazone nu- 

leus. In addition, replacement of methoxy by di methoxy led to 

mproved efficacy toward S. pyogenes and H. influenza. But still 

here is need to do more research to understand the effect of func- 

ional groups on bacterial proteins in order to identify the biologi- 

al pathways 

.7.3. In vitro Antifungal activity 

The antifungal assays of synthesized compounds a-e for fungal 

pecies ( C. glabrata, C. neoformans C. krusei, C. keyfer, C. albicans, 

. tropicalis and C. parapsilosis ) were carried outas per the Clinical 

nd Laboratory Standards Institute (CLSI) M27-A3 and M-38-A2 in 

PMI 1640 medium by broth microdilution methods . The concen- 

rations of all the compounds ( a-e ) varied between 250 μM and 

.110 μM. The 96 well flat bottom microtiter plates were incubated 

ithout shuddering at 30 °C for 48 h. The optical and visual den- 

ity was calculated at 492 nm using a microtiter plate reader us- 

ng BioRed, Model 680 for growth ninhibition. Amphotericin B, a 

nown antifungal drug is used as a reference positive control. 
Table 3 

Antifungal activity of the synthesized compounds. 

Compounds Antifungal Activity 

C. kursei C. albicans C. tropicalis C

a 31.25 125 31.25 3

b > 250 > 250 > 250 6

c 62.50 125 125 1

d 15.62 62.50 125 6

e > 250 62.50 > 250 >

Amphotericin B 0.78 0.78 0.78 0

6 
Minimum inhibitory concentrations (MICs) ia defined as the 

owest concentration of an antimicrobial that will inhibit the visi- 

le growth of a microorganism after overnight incubation. 

All the compounds ( a-e ) were also screened for their in vitro 

ntifungal activity against C. albicans, C. neoformans, C. krusei, C. 

eyfer, C. glabrata, C. tropicalis and C. parapsilosis using positive con- 

rol Amphotericin B. Evaluation of antifungal data ( Table 3 ) re- 

ealed that, most of the evaluated compounds unveilednominal 

ntifungal activity against all the tested microbial strains. Com- 

ared with the corresponding compounds, the compound d often 

isplay some unique properties such as improvement of biologi- 

al activities including furan as a substituentwith MIC 15.62 μM. In 

ddition to this, the compound a displayed nominal antifungal ac- 

ivity against C. glabrata, C. parapsilosis, and C. tropicalis with MIC of 

1.25 μM. The SAR suggested that compounds with more electron 

ithdrawing groups were found to be the most active against all 

ested fungi, and it was comparable to Amphotericin B. 

.8. Total antioxidant activity (TAA) 

Using the method of Arnao, Cano and Acosta (1999), TAA 

as measured in particles.This method is based on the ability 

f the antioxidants in the sample to reduce the radical catión 

f 2,20-azino-bis-3-(ethylbenzothiazoline-6-sulphonic acid) (ABTS). 

his reduction was observed with the decolouration of ABTS ·+ , and 

easuring the quenching of the absorbance at 730 nm. A solu- 

ion containing ABTS 2 mM, horseradish peroxidase 0.25 μM and 

 2 O 2 35 μM was prepared. The particles were dissolved in PBS 50 

M pH = 7.5 and 50 μL of the suspension, containing 1 mg 100 

L −1 was added to 950 μL of the ABTS solution. The change of ab- 

orbance was followed at 730 nm for five minutes. The determina- 

ion of the activity was done by comparison of the values of the 

ample with a standard curve of ascorbic acid and expressed as 

scorbic acid equivalents (mmol) per milligram of particle. All the 

amples reading were calculated thrice [45] . The Total antioxidant 

ctivity expressed in terms of equivalents of ascorbic acid (mM) 

er mg of nanoparticles (NP) as shown in Table 4 . 

A free radical is an unstable species with an unpaired electron. 

hese free radicals can be stabilized by radical scavengers (ROS). 

n some of the cases, generation of ROS may surpass the antioxi- 
. parapolsis C. kyfer C. Glabrata C. neoformans 

1.25 125 62.50 125 

2.50 > 250 > 250 > 250 

25 62.50 > 250 62.50 

2.50 125 125 > 250 

 250 125 > 250 > 250 

.78 0.78 0.78 0.39 
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Table 4 

Total antioxidant activity expressed in 

equivalents of ascorbic acid (mM) per mg of 

nanoparticles (NP). ( n.d. non detected). 

Sample Code Taa (Eq.Asc) μm Mg Np 

a 14.3 ±2.6 

b 3.4 ±0.5 

c n.d. 

d 2.2 ±0.1 

e n.d. 
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ant mechanism of the cell, which leads to the damage of carbohy- 

rates, cell proteins and lipids. The compounds which have ability 

o donate an electron to the free radical can stabilize the free rad- 

cal and thereby helps in eradication of a number of biological dis- 

rders including nephrotoxicity, inflammatory process, cancer and 

iver damage. As a result of this it is very essential to synthesize 

he compounds bearing antioxidant activities. The data elucidates 

hat synthesized compounds showed TAA values higher than the 

scorbic acid (TAA = 1) which is a most important antioxidants. 

o their future aspects as antioxidants can be acknowledged. Re- 

ults also depicted that, among the alkynes a is most efficient. 

.9. In silico pharmokinetic evaluation 

The ADME properties of the prepared isatin hydrazone deriva- 

ives a-e were calculated using moleinspiration toolkit [46] . The 

auged parameters are given in Table 2 . Drug-likeness of the syn- 

hesized compounds compared with the known drugs was evalu- 

ted under Lipinski’s rule. The synthesized compounds were eval- 

ated for oral bioavailabilityon the basis oflogP ( < 5), MW ( < 500),

BA ( ≤10), and HBD ( < 5) values. Lipophilicity is predicted by logP 

n which P is the octanol-water partition coefficient. As depicted in 

he results all compounds have logP values within the defined unit. 

he number of rotatable bonds (nROTB) determines the molecular 

exibility should be < 10. All the compounds found to value in be- 

ween 3–5. The topological polar surface area (TPSA) provides sur- 

ace contribution of polar fragments. High TPSA values ( > 140 Å 

2 ) 

s related to low blood-brain barrier (BBB) penetration, and poor 

embrane permeability. All the synthesized compounds are found 

o exhibit the TPSA values in the range of 17.30-37.53 Å2 ( Table 2 )

hich means evaluated compounds have good permeability in the 

ellular plasma membrane. The value of total number of hydro- 

en bond donors(HBD) should always be less than 5, and hydro- 

en bond acceptors (HBA) should be less than or equal to 10. All 

he compounds were found to have HBDs of and HBAs within the 

ange. So, according to the Veber’s rule [47] all compounds were 

xpected to have good oral bioavailability and they were very well 

onsistent with the ADME findings, no violations were expected 

or the synthesized compounds, affording positive drug-likeness 

alues. 

. Part 2: Synthesis of Isatin hydrazone appended 1,2,3 triazole 

ased organotriethoxysilanes 

.1. Traditional synthetic route for Isatin hydrazone appended 1,2,3 

riazole organotriethoxysilanes 

In a two neck round bottomed flask the Isatin hydrazone Schiff

ase acetylene (IHSBA) (1 equiv) was added to 1:1 THF/Et 3 N sol- 

ent mixture and the resulting mixture was stirred for at least 15 

in at room temperature. Further AzPTES (1 equiv/alkyne func- 

ion) and catalyst [CuBr(PPh 3 ) 3 ] (0.01 mmol/alkyne function) was 

dded subsequently. The mixture was heated to 60 °C for 240 mins 

ith continuous stirring. After 240 mins the heating was stopped 
7 
nd mixture brought to room temperature. The solvent were evap- 

rated under vacuum with heating followed by slow addition of 

he hexane. The resulting mixture was filtered and concentrated 

nder the reduced pressure to obtain colored silanes in high yield 

ith good selectivity and sensitivity. 

.2. Microwave assisted synthetic route for 1,2,3 triazole 

rganotriethoxysilanes 

The microwave assisted route of synthesis includes one pot syn- 

hesis. This was done by irradiating the required acetylenic hydra- 

one with ϒ-azidopropyltriethoxysilane and [CuBr(PPh 3 ) 3 ] as a cat- 

lyst with microwaves ( Scheme 3 ). The comparison between the 

icrowave and conventional method for reaction time and yield in 

HF:TEA (1:1) was done in Table 6 . The synthesis was done using 

nton Paar monowave synthesizer-600®. This machine equipped 

ith output power option ranging from 0 to 600W. It can sup- 

ly continuous flow of microwave energy. All the synthesis pro- 

ess requires high quality borosilicate vial capped with a Teflon 

PTFE) septum. At the extreme staring of the reaction tempera- 

ure was attained till 100 °C. After this temperature vial with the 

eaction mixture was kept at the same temperature for 300 sec- 

nds. Lastly the reaction was brought to room temperature. The 

icrowave synthetic route provides yield ranging between 82 to 

5 % with reaction times of 5 min. However the conventional syn- 

hesis yield range from 71 to 89 %. This microwave route outweighs 

he conventional heating synthetic route. 

.2.1. Synthesis of (3Z)-3-(benzylidenehydrazono)-1-((1-(3- 

triethoxysilyl)propyl)-1H-1,2,3-triazol-4-yl)methyl)indolin-2-one (1a) 

Red oil Yield: 94%, Anal. Calcd. for: C 27 H 34 N 6 O 4 Si: C, 60.65; H,

.41; N, 15.72. Found: C, 60.61; H, 6.40; N, 15.79. IR (neat, cm 

−1 ):

60, 1080 (Si-O), 952 (C-C), 1157(O-CH 2 ), 1247 (N-CH 2 ), 1255 (CH 2 - 

),1469 (CH 3 -C), 1613 (C = N), 2968 (C = C-H). 1 H NMR (400 MHz,

DCl 3 ) δ 8.66 (s, 1H, -N = CH-), 8.21 (d, J = 7.6 Hz, 1H, H4), 8.04

7.87 (m, 2H, H5, H9), 7.52 (dt, J = 15.5, 6.7 Hz, 5H, H1, H3, H6,

7, -Tz-H-), 7.31 – 7.05 (m, 2H, H2, H8), 5.35 (s, 2H, -NCH 2 ), 4.40

t, J = 7.2 Hz, 1H, -N 3 CH 2 CH 2 ), 3.82 (q, J = 7.0 Hz, 6H, -OCH 2 CH 3 ),

.06 (dt, J = 15.3, 7.5 Hz, 2H, CCH 2 C-), 1.23 (t, J = 7.0 Hz, 9H,

CH 2 CH 3 ), 0.52(m, 1H, t, J = 7.8 Hz, 2H, -Si C H 2 -). 13 C NMR (101

Hz, CDCl 3 ) δ 158.1 (s), 153.2 (s), 142.5 (s), 138.4 (s), 134.3 (s), 

26.2 (s), 123.0 (s), 120.8 (s), 120.5 (s), 113.2 (s), 62.7 (s), 58.5 (s), 

2.7 (s), 24.3 (s), 18.2 (s), 7.4 (s). 

.2.2. Synthesis of (3Z)-3-((4-methoxybenzylidene)hydrazono)-1-((1- 

3-(triethoxysilyl)propyl)-1H-1,2,3-triazol-4-yl)methyl)indolin-2-one 

1b) 

Orange oil Yield: 91%. Anal. Calcd. for: C 28 H 36 N 6 O 5 Si: C, 59.55;

, 6.43; N, 14.88. Found: C, 59.54; H, 6.39; N, 14.80. IR (neat, 

m 

−1 ): 765, 1078 (Si-O), 949 (C-C), 1158(O-CH 2 ), 1246 (N-CH 2 ), 

255 (CH 2 -N),1479 (CH 3 -C), 1630 (C = N), 2972 (C = C-H). 1 H NMR

400 MHz, CDCl 3 ) δ 9.12 (s, 1H, -N = CH-), 8.21 (d, J = 51.7 Hz, 2H),

.60 (s, 1H, -Tz-H-), 7.42 – 6.95 (m, 4H), 6.73 – 6.23 (m, 2H), 5.10 

s, 2H, -NCH 2 -), 4.29 (t, J = 7.3 Hz, 2H, -N 3 CH 2 CH 2 ), 3.90 (s, 3H,

OCH 3 ), 3.78 (q, J = 7.1 Hz, 6H, -OCH 2 CH 3 ), 1.98 (m, 2H, -CCH 2 C-),

.19 (t, J = 7.0 Hz, 9H, OCH 2 CH 3 ), 0.56 (t, J = 7.8 Hz, 2H, -Si C H 2 -).
3 C NMR (101 MHz, CDCl 3 ) δ 158.2(s), 153.1 (s), 143.7 (s), 137.4 (s), 

34.3 (s), 126.31 (s), 122.3 (s), 120.8 (s), 120.5 (s), 113.2 (s), 62.5 

s), 58.7 (s), 55.3 (s), 51.5 (s), 25.3 (s), 18.2 (s), 7.4 (s). 

.2.3. Synthesis of (3Z)-3-((2,4-dimethoxybenzylidene)hydrazono)-1- 

(1-(3-(triethoxysilyl)propyl)-1H-1,2,3-triazol-4-yl)methyl) 

ndolin-2-one (1c) 

Dark yellowish oil, Yield: 89%. Anal. Calcd. for: C 29 H 38 N 6 O 6 Si: C,

8.57; H, 6.44; N, 14.13. Found: C, 58.54; H, 6.49; N, 14.10. IR (neat, 

m 

−1 ): 748, 1058 (Si-O), 954 (C-C), 1162 (O-CH ), 1248 (N-CH ), 
2 2 
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Scheme 3. General synthetic procedure of isatin hydrazone triazole siloxy based scaffolds both via microwave as well as conventional heating method 1a-1e. 

Table 5 

Computational calculation of physicochemical pharmacokinetic parameters important for good oral bioavailability of synthesized com- 

pounds. 

Entry TPSA n-ROTB MV MW mi logP n-ON Acceptors n-OHNH Donors Lipinki’s Violations n atoms 

Rule - - - ≤500 ≤5 ≤10 ≤5 ≤1 - 

A 46.73 3 261.96 287.32 3.20 4 0 0 22 

B 55.97 4 287.50 317.35 3.26 5 0 0 24 

C 65.20 5 313.05 347.37 3.25 6 0 0 26 

D 59.87 3 243.53 277.28 2.46 5 0 0 21 

E 46.73 3 252.67 293.35 3.10 4 0 0 21 

TPSA: topological polar surface area, n-ROTB: number of rotatable bonds, MV: molecular volume, MW: molecular weight, mi Log P: loga- 

rithm of partition coefficient of compound between n-octanol and water, n-ON acceptors: number of hydrogen bond acceptors, n-OHNH 

donors: number of hydrogen bonds donors. 

Table 6 

Optimisation of the reaction conditions of (1a) 

Entry Solvent System Time Temperature Yield Heating System 

1. THF:TEA (1:1) 240 min 60 °C 85% Oil Bath 

2. THF:TEA (1:1) 300 min 50 °C 78% Oil Bath 

3. THF:TEA (1:1) 200 min 70 °C 80% Oil Bath 

4. THF:TEA (1:1) 5 min 100 °C 98% MW 

5. THF:TEA (1:1) 15 min 60 °C 92% MW 

4 THF:TEA (1:1) 12 min 70 °C 89% MW 

8 
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252 (CH 2 -N), 1462 (CH 3 -C), 1633 (C = N), 2961 (C = C-H). 1 HNMR

400 MHz, CDCl 3 ) δ 9.12 (s, 1H, -N = CH-), 8.21 (d, J = 8.0 Hz, 2H,

1, H4), 7.60 (s, 1H, -Tz-H-), 7.40 – 6.93 (m, 3H, H2, H3, H7), 6.80 

6.37 (m, 2H, H5, H6), 5.10 (s, 2H, -NCH 2 -) 4.29 (t, J = 7.2 Hz,

H, -N 3 CH 2 CH 2 ), 3.89 (d, J = 4.2 Hz, 6H, -OCH 3 ), 3.78 (q, J = 7.1

z, 6H, -OCH 2 CH 3 ), 1.98 (m, 2H, -CCH 2 C-), 1.19 (t, J = 7.1 Hz, 9H, -

CH 2 CH 3 ), 0.66 – 0.49 (m, 2H, -Si C H 2 ). 
13 C NMR (101 MHz, CDCl 3 )

166.7 (s), 157.4 (s), 152.6 (s), 146.3 (s), 136.9 (s), 133.7 (s), 132.8 

s), 131.9 (s), 129.8 (s), 128.5 (s), 126.2 (s), 123.3 (s), 115.5 (s), 114.2

s), 62.5 (s), 58.4 (s), 55.4 (s), 52.4 (s), 24.0 (s), 18.2 (s), 7.3 (s). 

.2.4. Synthesis of (3Z)-3-((furan-2-ylmethylene)hydrazono)-1-((1-(3- 

triethoxysilyl)propyl)-1H-1,2,3-triazol-4-yl)methyl)indolin-2-one 

1d) 

Mustard oil, Yield: 91%. Anal. Calcd. for: C 25 H 32 N 6 O 5 Si: C, 57.23;

, 6.15; N, 16.02. Found: C, 57.24; H, 6.09; N, 16.03. IR (neat, 

m 

−1 ): 74 8, 1072 (Si-O), 94 9 (C-C), 1161(O-CH 2 ), 1246 (N-CH 2 ),

261 (CH 2 -N),1471 (CH 3 -C), 1680 (C = N), 2962 (C = C-H). 1 H NMR

400 MHz, CDCl 3 ) δ 8.58 (s, 1H, -N = CH-), 8.36 (d, J = 7.6 Hz, 1H,

1), 7.75 (s, 1H, -Tz-H-), 7.52 (d, J = 15.6 Hz, 1H, H4), 7.23 – 6.50

m, 5H, H2, H3, H5, H6, H7), 5.10 (s, 2H, -NCH 2 -), 4.30 (t, J = 7.2

z, 2H, -N 3 CH 2 CH 2 ), 3.78 (q, J = 7.0 Hz, 6H, -OCH 2 CH 3 ), 1.98 (q, J

 7.8 Hz, 2H, -CCH 2 C-), 1.19 (t, J = 7.0 Hz, 9H, -OCH 2 CH 3 ), 0.64 –

.44 (m, 2H, -Si C H 2 ). 
13 C NMR (101 MHz, CDCl 3 ) δ 163.5 (s), 159.6

s), 152.2 (s), 142.9 (s), 141.3 (s), 128.6 (s), 122. 1(s), 113.9 (s), 107.3

s), 100.1 (s), 62.3 (s), 58.7 (s), 52.7 (s), 24.4 (s), 18.1 (s), 7.6 (s). 

.2.5. Synthesis of (3Z)-3-((thiophen-2-ylmethylene)hydrazono)-1-((1- 

3-(triethoxysilyl)propyl)-1H-1,2,3-triazol-4-yl)methyl)indolin-2-one 

1e) 

Dark maroon oil, Yield: 89%. Anal. Calcd. for: C 25 H 32 N 6 O 4 SSi: 

, 55.53; H, 5.97; N, 15.54. Found: C, 55.44; H, 5.99; N, 15.53. IR 

neat, cm 

−1 ): 749, 1068 (Si-O), 958 (C-C), 1150(O-CH 2 ), 1266 (N- 

H 2 ), 1255 (CH 2 -N),1439 (CH 3 -C), 1630 (C = N), 2942 (C = C-H). 1 H

MR (400 MHz, CDCl 3 ) δ 8.92 (s, 1H, -N = CH-), 8.34 (d, J = 7.6 Hz,

H, H1), 7.76 – 7.41 (m, 4H, H2, H3, H4, -Tz-H-), 7.17 (d, J = 16.9

z, 3H, H5, H6, H7), 5.10 (s, 2H, -NCH 2 -), 4.30 (t, J = 7.2 Hz, 2H,

N 3 CH 2 CH 2 ), 3.78 (q, J = 7.0 Hz, 6H, -OCH 2 CH 3 ), 1.98 (q, J = 7.8

z, 2H, -CCH 2 C-), 1.19 (t, J = 7.0 Hz, 9H, -OCH 2 CH 3 ), 0.64 – 0.44

m, 2H, -Si C H 2 ). 
13 C NMR (101 MHz, CDCl 3 ) δ 168.35 (s), 146.9 (s),

29.3 (s), 125.1 (s), 122.1 (s), 121.1 (s), 120.3 (s), 113.2 (s),108.1 (s), 

2.5 (s), 58.5 (s), 52.4 (s), 24.3 (s), 18.1 (s), 7.4 (s). 

.3. Spectroscopic analyses 

.3.1. IR spectra 

The vibrational spectroscopic data for all the newly synthesized 

ompounds were recorded in the range of 40 0 0-40 0 cm 

−1 . IR spec-

ra of synthesized compounds bears a intense band at 1680 –1613 

m 

−1 corresponding to ν (CH = N) that confirms the formation of 

mine bond. IHSB a-e show solid absorption bands in the region 

613-1680 cm 

−1 and 1710-1722 cm 

−1 corresponding to C = N and 

 = O stretching vibrations respectively. The stretching vibrations 

ands of acetylinic isatins a-e in the region 2120-2125 cm 

−1 and 

276-3286 cm 

−1 attributes to the presence of C 

≡C and C 

≡C-H in 

lkyne functionality. The empty area around 20 0 0 cm 

−1 and 320 0 

m 

−1 in organosilicon compounds 1a-1e substantiatesthe forma- 

ion of triazole units from acetylinic moieties. However, cycload- 

ition was confirmed with the stretching vibrations of –C = CH in 

riazole ring around 2942-2972 cm 

−1 . Furthermore, the stretch- 

ng vibrations bands in the range of 745-765 cm 

−1 and 1058-1080 

m 

−1 in all the silanes confirms the formation of silyl moieties. 

.3.2. NMR spectra 
1 H NMR spectra of isatin hydrazone schiff base conjugated 

ilanes 1a-1e exposed new trend in signals as illustrated in NMR 
9 
tudy. A set of multiplets due to –CH 2 unit of propyl chain 

as found in all the silanes 1a-1e . The –NCH 2 linked to 1,2,3- 

riazole heterocycle depicted at δ∼ 5.32–5.10 ppm. The cyclisation 

f alkynyl moiety into triazole unit was confirmed from a shift in 

eak from δ ∼ 2.34-2.4 to δ ∼ 7.52-7.7 ppm in 1a-1e. The multi- 

lets in the region of δ ∼ 8.31–6.80 ppm depicted aromatic ring 

rotons . In addition to this, the –OCH 3 protons appeared as sin- 

let in the region δ ∼ 3.91-3.80 ppm. However, propyl chain was 

ot effected even after the changing the substituents at aromatic 

ing. The –CH = N- proton appears at most deshielded region δ ∼
.12-8.66 ppm. 

In 

13 C NMR spectra, for the compounds 1a-1e, the most 

eshielded region around δ ∼ 166.7-153.2 ppm was due to car- 

onyl carbon. The carbon with the imine bond appears in the re- 

ion δ ∼ 153.2-158.2 ppm. For triethoxysilanes 1a-1e the methylene 

arbonattached to silicon atom –C–Si– appeared around δ ∼ 7.5- 

.3 ppm. The carbon of the acetylenic isatin moiety a-e appear in 

he range of δ ∼ 72.0-76.8 ppm that shift around δ ∼ 142.6- 100.2 

pm in triazole compounds 1a-1e , that endorses the cyclisation of 

lkyne and azide functionality to triazole unit. 

.3.3. Mass spectra 

The mass spectra of isatin hydrazone linked silanes derivatives 

oincide with the predictable structures and have effectively illus- 

rated the respective molecular-ion peaks with the addition of H 

+ 

ons. The purity of all the compounds was tested by the CHN an- 

lytical studies on all alkynes ( a-e ) and silanes ( 1a-1e ) and mass

pectral studies for silanes 1c. Molecular ion signal at m/z 565.2 

M + 2H 

+ ] in the mass spectrum of compound 1c was observed 

hich confirms its structure [Molecular Mass: 562.74]. 

. Conclusions 

In this paper, isatin hydrazone Schiff base linked organosilicon 

ompounds were synthesized following the click silylation route. 

he basic acteylinic isatin hydrazone Schiff bases were gauged for 

ntioxidant, antibacterial and antifungal activities. It was found 

hat all compounds were more active against bacterial strains 

s compared to the fungal strain. Further, compounds disclosed 

AA values which are found to be higher than the main sig- 

ificant antioxidant, ascorbic acid (TAA = 1). Results also speci- 

ed that among the alkynes, compound a is most efficient . In sil- 

co pharmokinetic evaluation of the compounds also gave positive 

rug-likeness values suggesting good oral bioavailability. Moreover, 

satin acteylinic isatin hydrazone were transformed into hydrazone 

chiff base linked organosilicon compounds and their reaction con- 

itions were optimized for both conventional and microwave heat- 

ng method. The results of this article pave the way to extent the 

esearch of isatin moiety for producing more potent antimicrobial 

gents and antioxidants ( Table 5 ). 
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